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damage with persistently increased enzymes oc-
curred.

The need for accurate diagnosis, appropriate
selection of dosage and careful monitoring of
patients taking lithium is stressed.

Familiarity with the pharmacology and toxi-
cology of lithium is a matter of considerable im-
portance. The potential toxicity of lithium and
its narrow therapeutic-toxic range have been
discussed.
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SEVERAL DRUGS when ingested in therapeutic or
toxic amounts are known to precipitate noncardio-
genic pulmonary edema.'-6 Prostigminel and al-
loxan2 are two agents capable of producing this
clinical syndrome in normally prescribed dosages,
while heroin,3 barbiturates,4 propoxyphene5 and
methadone6 have varying incidences of pulmonary
edema when taken as overdoses.

There have been reports that salicylates may
induce pulmonary edema when taken in toxic
amounts.7-9 This association, however, is poorly
recognized. Recent editions of textbooks of medi-
cine10 and pharmacology" fail to mention non-
cardiogenic pulmonary edema as an initial mani-
festation of salicylate poisoning. Part of the reason
may be that the case reports supporting this rela-
tionship have seldom ruled out a subtle cardiac
cause of pulmonary congestion; hemodynamic
data are documented in only one report thereby
establishing normal pulmonary vascular pressures.9
We report here another case of salicylate toxic-

ity presenting with pulmonary edema. Swan-Ganz
catheter data excluded a cardiac cause. We sug-
gest that this aspect of salicylism receive greater
recognition to insure early diagnosis and prompt
therapy.

Report of a Case
The patient was a 69-year-old man brought

to the emergency room confused and severely
short of breath. From his friends it was learned
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that he had been in poor health for three weeks,
complaining of weakness and malaise, and had
remained in bed with little food intake. During
the 12 hours before admission, shortness of breath
rapidly developed followed by dizziness, diaphore-
sis, and confusion. The patient said he had had no
chest pain, symptoms of congestive heart failure,
palpitations, loss of consciousness or choking epi-
sodes, and had not ingested any drug or toxin in-
cluding ethanol, methanol, ethylene glycol and sal-
icylates. He was a reformed alcoholic and had
smoked two packs of cigarettes a day for 50 years.
On physical examination the patient was noted

to be hyperpneic, respirations were 30 per minute,
pulse was 102 beats per minute, blood pressure
was 142/70 mm of mercury and temperature
taken rectally was 37.9°C (100.2°F). He was
oriented to time and person only. His chest sym-
metrically expanded with bibasilar rales and
wheezes more notable on the right without evi-
dence of consolidation. Findings on cardiac ex-
amination were unremarkable with normal venous
pulsations.

Laboratory studies gave the following results:
serum sodium, 140 mEq per liter; serum potas-
sium, 3.4 mEq per liter; serum chloride, 114 mEq
per liter; serum bicarbonate, 7.9 mEq per liter;
serum glucose, 115 mg per dl; blood urea nitro-
gen, 41.8 mg per dl; creatinine, 1.5 mg per dl;
serum acetone, negative; prothrombin time, 13
seconds with a 11.5 second control; serum hemo-
globin, 16 grams per dl; leukocyte count, 12,100
cells per cu mm with a normal differential count;
platelets, normal by smear; erythrocyte sedimenta-
tion rate, 3 mm per hour. Arterial blood gas
studies (Denver elevation) showed a pH of 7.43,
oxygen pressure (Po2) of 31 mm of mercury and
a carbon dioxide pressure (Pco2) of 13 mm of
mercury on room air. After placement of nasal
prongs with 4 liters per minute oxygen flow, the
blood gas values improved with a pH of 7.48, a
Po2 of 82 mm of mercury and a Pco2 of 13 mm
of mercury.

Serum albumin was 4 grams per dl; hematest
of stool was negative; expectorated sputum Gram
stain and culture showed no pathogens; blood cul-
tures were without growth; results of thyroid func-
tion tests were within normal limits. A serum
salicylate level in a specimen drawn nine hours
after the patient presented to the emergency room

was 54 mg per dl. A blood and urine toxicology
screen was otherwise negative. The cerebrospinal

Figure 1.-Radiograph of the chest in a patient with
pulmonary edema due to salicylate toxicity.

fluid was clear and contained no leukocytes, 30
red cells and normal levels of glucose and protein.
The cerebrospinal fluid salicylate level (obtained
within one hour of the blood level) was 21 mg per
dl. An analysis of urine showed 1 + ketonuria; the
electrocardiogram was normal except for sinus
tachycardia; a radiograph of the chest showed
bilateral alveolar infiltrates compatible with pul-
monary edema (Figure 1).
A Swan-Ganz catheter was inserted into the

pulmonary artery and the following initial pres-
sures were obtained: pulmonary artery (PA) SyS-
tolic pressure of 36 mm of mercury, PA diastolic
pressure of 12 mm of mercury and a pulmonary
capillary wedge (Pcw) pressure of 3 mm of
mercury.

Noncardiogenic pulmonary edema secondary to
salicylate toxicity was diagnosed and forced alka-
line diuresis was initiated. Vitamin K (10 mg)
was given intravenously. Fluid therapy during the
first 24 hours consisted of 4.4 liters of 5 percent
dextrose and 0.45 percent saline, 176 mEq of
sodium bicarbonate, and 120 mEq of potassium
chloride. Urinary output during this period was
2.6 liters, and the pulmonary artery pressures
were unchanged until 24 hours into therapy when
the PA systolic pressure was 44 mm of mercury,
the PA diastolic pressure was 18 mm of mercury
and the Pcw pressure was 5 mm of mercury. Ad-
ministration of ampicillin (1 gram given intrave-
nously every four hours) and gentamicin (100 mg
given intravenously every 12 hours) was started
empirically on admission but was stopped after
24 hours when cultures were negative.

This therapy resulted in a salicylate level of 29
mg per dl 24 hours after admission, falling to 16
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mg per dl the following day. Coincident with the
fall in salicylate level was clearing of the pul-
monary edema and improvement of the arterial
blood gas values to a pH of 7.43, a Po2 of 76 and
a Pco2 of 24 on room air five days after admission.
There was no electrocardiographic or creatine
phosphokinase enzyme evidence for a myocardial
infarction. A computerized axial tomographic scan
of the head showed no abnormalities.
When the patient's mental status improved, he

admitted to taking six to eight aspirins a day for
multiple complaints but in the last two weeks had
taken them "by the handful" because of increasing
fatigue.

Discussion
The association of salicylates with pulmonary

edema was first noticed in patients with rheumatic
heart disease'2'13 and later in patients with normal
cardiac function.7-9"4 Reid noted that in occasional
patients with active rheumatic carditis treated with
salicylates pulmonary edema developed which re-
sponded to phlebotomy.'2 Sutcliffe reported the
case of a patient with rheumatic heart disease in
whom pulmonary edema was noted after each of
two courses of salicylates in the absence of any
evidence for cardiac failure.'3 Granville-Grossman
first reported salicylate-related pulmonary edema
in a man without known heart disease. However,
the pulmonary edema occurred only after forced
alkaline diuresis suggesting that volume overload
may have played a role.'4 Subsequently, the cases
of three salicylate-intoxicated patients were re-
ported7'8 who presented with pulmonary edema
and no apparent heart disease or clinical evidence
of congestive heart failure. Pulmonary capillary
wedge pressures, however, were not obtained so
that a noncardiac cause was poorly documented.
Hrnicek's case report9 was the first to document
normal pulmonary vascular pressures in a case of
salicylate pulmonary edema. In Anderson's review
of 73 patients with salicylism, seven of the patients
presented with pulmonary edema and in one of
these hemodynamic monitoring showed a normal
pulmonary capillary wedge pressure.'5
Our patient was admitted with extreme hypoxia

and pulmonary infiltrates considered to represent
pulmonary edema. Aspiration pneumonitis could
have mimicked the radiographic findings and clini-
cal presentation. However, the absence of a his-
tory of aspiration or of visible vomitus, the rapid
clearing shown on sequential chest radiograms

without a course of antibiotics, and the absence of
pulmonary pathogens made this diagnosis unlikely.
The pulmonary edema was deemed noncardio-
genic because of the low pulmonary capillary
wedge pressure and salicylism was considered to
be the primary precipitating factor because a fall
in serum drug levels coincided with clinical im-
provement.

The mechanism by which salicylates induce pul-
monary edema is uncertain. Increased plasma
volume with resulting elevated left atrial pressure
was suggested by Reid.'2 However, the findings of
a low pulmonary capillary wedge pressure exclude
this explanation. For the same reason the mechan-
ism of salicylate induced "high output" failure
suggested by animal'8 and human'7 studies lacks
support.

Experiments in sheep provide evidence that
salicylates may mediate pulmonary edema by
damaging pulmonary vessel endothelium thereby
increasing capillary permeability to fluid and pro-
tein.'8 Cannulated lymphatic channels draining
the lungs of these animals show an increase in
lymph flow and lymphatic protein content after
intravenous infusion of acetylsalicylate. These
events occur without accompanying changes in
pulmonary vascular pressures. These results sug-
gest that salicylates generated a capillary-alveolar
membrane "leak" with transudation of intravas-
cular fluid and protein into the alveolar space.

If pulmonary edema is produced through dam-
age to pulmonary vascular membranes, the mecha-
nism whereby salicylates generate these defects is
speculative. Conceivably, they may directly stim-
ulate the brain, triggering a massive sympathetic
nervous system discharge similar to that postulated
for neurogenic pulmonary edema.'9 In this schema
the sympathetic stimulus may produce a pro-
nounced but transient increase in pulmonary
artery pressures which somehow alters capillary
permeability. After the pulmonary edema is estab-
lished, the vasospasm remits and pulmonary vas-
cular pressures are low or normal.

Alternatively, it has been suggested that prosta-
glandins are involved in salicylate pulmonary
edema.'8'20 Prostaglandins may play a role in the
generation of increased systemic vascular permea-
bility,2' and may be involved in maintaining the
integrity of the pulmonary microcirculation.22 Sal-
icylates, by inhibiting prostaglandin synthetase,
may intercede unfavorably in prostaglandin bal-
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ance and thereby disturb the membrane stabiliza-
tion process. Support for this thesis exists in pre-
liminary findings in animal studies which suggest
that indomethacin (also a prostaglandin synthetase
inhibitor) has aspirin-like qualities of increasing
pulmonary lymph flow.20

In addition, platelets have been incriminated in
the production of this syndrome. Human platelets
have an endothelium protective role,23 and since
salicylates impair platelet function, capillary mem-
brane support may be weakened.

Regardless of the specific cause of the pulmo-
nary edema, it is important that clinicians be
aware of this complication of salicylism because
florid respiratory failure may obscure common
clues to the underlying diagnosis. In the case pre-
sented here, there were clinical and laboratory
points suggesting salicylate toxicity such as hy-
perpnea, disorientation, ketonuria, acid-base ab-
normality and prolonged prothrombin time. But in
the setting of pulmonary edema these findings
could have been attributed to hypoxia and result-
ant lactic acidosis, recent starvation and suspected
alcoholism with impaired hepatic synthetic capa-
bilities.

Recently, Anderson has shown that patients
taking salicylates chronically may present with
occult toxicity.'5 The mortality in these patients
increases to 25 percent if the diagnosis is delayed.
The case reported here underscores the urgency
of recognizing the multiple fashions in which sali-
cylism presents in order to diagnose it clearly and
treat it rapidly. Noncardiogenic pulmonary edema
must alert clinicians to the possibility of salicylate

overdosage particularly when other clues to the
diagnosis are obscured by respiratory failure.
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